Background
Patients' attachment patterns have been linked to the development and course of chronic pain conditions. [1] [2] [3] [4] [5] Attachment may also play a differential role with regard to different subgroups of pain patients. Insecure attachment is more prevalent in patients suffering from chronic pain without clear organic cause (ie, somatoform disorders) than in patients diagnosed with osteoarthritis (OA). 6 According to the Attachment-Diathesis Model of Chronic Pain, dysfunctional behavioral responses to acute pain lead to complication and chronification of conditions regardless of diagnosis.
However, while an insecure attachment pattern may not be the driving factor behind the development of OA, insecurely attached OA patients might be at a higher risk of developing chronic pain conditions because of inadequate reactions to acute pain such as inadequate coping mechanisms, lower stress resilience, more conflicting interactions with health care personnel, or lower compliance with the therapeutic goals. [7] [8] [9] [10] However, empirical studies examining the effect of insecure attachment on the trajectory of pain conditions with and without clearly defined organic cause for patients in treatment are scarce. While several studies link insecure attachment with worse trajectories in multimodal pain treatments, 1, 11, 12 with an exception for the precursor of this study, which was cross sectional only, none of them clearly differentiate between patients with and without clearly defined organic cause. 6 The present study therefore seeks to answer the question whether or not patients with insecure attachment are less likely to obtain therapeutic gains during treatment and maintain them during follow-up. We hope that this study might help to close the aforementioned gap in attachment research with regard to chronic pain and pave a way toward differential treatment indications for patients based on the type of chronic pain condition and attachment. Thus, the core aim of the present study was to contribute to the understanding of potential factors that influence the treatment outcome of chronic pain patients participating in a multimodal pain program. For this purpose, we compared two different pain subgroups, one with (OA) and one without (unexplained musculoskeletal pain [UMP]) a clearly defined organic cause, in order to identify treatment of possible interaction effect of attachment with the type of chronic pain condition and independent of organic causes. The main questions of this study are: 1) Do insecurely attached pain patients differ from securely attached patients in their treatment trajectories from baseline to 6 months follow-up? 2) Are results similar for OA patients who undergo hip joint replacement and patients without clearly defined organic cause who take part in a 4-week multimodal pain program?
Methods Participants
Participants were 174 adult patients, presenting UMP (n=85) or pain from OA (n=89). Patients of both the clinical samples were recruited in the Department of Orthopedic Surgery of the University of Heidelberg between September 2008 and January 2010. This research was approved by the University of Heidelberg ethics committee, and all patients provided written informed consent. Inclusion criterion for both samples was the patients should suffer from chronic musculoskeletal pain for at least 6 months. Exclusion criteria for both samples included insufficient ability to communicate in German, age <18 or >80 years, and a diagnosis of psychosis, bipolar disorder, or neurological disorder.
Patients from the OA group were significantly older and better educated at baseline compared to patients with medically unexplained pain. However, the two groups did not differ significantly with regard to reported pain intensity in the last 7 days or in their disability ratings prior to treatment. While the distinction between UMP and OA is not clear in day to day clinical practice, for the sake of eliminating most organic variables from the UMP group, comprehensive medical and psychological diagnostic procedures, including diagnostic imaging by an orthopedic specialist, were administered at intake in order to check whether pain was fully explained by a specific somatic pathology. See Schroeter et al 6 for full details on baseline results and recruitment process. While there was a 29% drop out from T1 to T3, with n=85/76/67 participating in the UMP group at T1, T2, and T3, respectively, and n=89/76/56 for the OA group, the applied multilevel modeling technique has well accommodated the unbalanced data. 13 
Treatments
Patients in the UMP group received a multimodal pain treatment including an intensive, structured, full-time 4-week program, consisting of physiotherapy, psychotherapy, and medical treatment in the form of group and individual sessions. The treatment includes 6-to 7-hour program for 5 days a week. In 4 weeks, the patients in the UMP group received a total of 16 hours of individual psychotherapy offered by psychologists and doctors, 20 hours of Nordic walking, 4 hours of dance and music therapy, 8 hours of relaxation training, 8 hours of group therapy as well as 4 hours of a discussion group lead by medical doctors, 12 hours of group physiotherapy with an additional 8 hours of training in a gymnasium, and 6 hours of individual physiotherapy during their 4-week program. Furthermore, patients can use sporting equipment in the gymnasium for additional physical training on their own during free time slots after receiving a detailed introduction session by physiotherapists. Patients in the OA group underwent a hip joint replacement at the participating hospital. The present study did not examine the medication level, as patients from the UMP group were asked to reduce their individual medication over the course of the treatment but had severely different levels of medication type and dosage coming into treatment, making a coherent assessment 
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attachment behavior on the treatment process of chronic pain patients of medication difficult, while also not being a focus of the present study. Patients from the OA group received their standard dosage of medication after the surgery.
Measures

Primary outcome measures
Pain during the present day and during the previous week was assessed using two visual analog scales (VASs) with scores ranging from 0 to 100. Patients were also asked to indicate the number of days they experienced pain, and the number of days they experienced strong pain, both within the previous month. 14, 15 attachment style
Patients' attachment patterns were assessed by the German versions of the Relationship Questionnaire (RQ-2) 16 and the revised Experience of Close Relationships Questionnaire (ECR-R). 17 We chose to include both the measures in order to assess generalized as well as relationship-specific attachment expectations.
The RQ-2 captures a person's dominant, cognitive schemata of self and others. It consists of four short paragraphs, each describing one attachment pattern (eg, the avoidant prototype reads, "I am comfortable without close emotional relationships. It is very important to me to feel independent and self-sufficient, and I prefer not to depend on others or have others depend on me"). The participants are then asked to rate their degree of correspondence to each of the prototypes on a 7-point Likert-type scale ranging from 1 (agree strongly) to 7 (disagree strongly). The scores associated with each prototype were used as a dimensional continuous measure for that attachment style.
The RQ-2 has acceptable psychometric properties, and it is relatively independent from self-deceptive biases.
18-21
The RQ-2 has been implemented in cross-cultural studies as well. 21 For categorical descriptive data of patient attachment, we used the labels stemming from the RQ-2, namely secure, dismissing, preoccupied, and fearful.
The ECR-R assesses the two regulatory attachment strategies: avoidance and anxiety. The instrument has been developed on the principles of item response theory and specifically assesses attachment styles in romantic relationships (eg, attachment anxiety: "I find that my partner/ partners doesn't/do not want to get as close as I would like;" attachment avoidance: "I find it difficult to allow myself to depend on romantic partners"). All items are rated on a scale from 1 to 7, and the mean values are computed for the two scales.
The ECR-R has very good internal consistency, a stable factor structure, high test-retest reliability, and construct validity. 22 Psychometric properties are comparable in the German version, 23 and the questionnaire is successfully applied in a wide spectrum of psychiatric and medical studies. 24, 25 In all analyses we used sum scores for the anxious and avoidant attachment scales of the ECR-R, as well as a composite score consisting of the sum of the anxious and avoidant scale together, to get a measure of general insecurity. In this, patients with one SD above the mean in general insecurity were labeled insecure, for the purpose of the hierarchical linear modeling (HLM) analysis, while patients with general insecurity one level below the mean were labeled secure. The attachment styles measured by the ECR-R were treated as continuous variables.
Procedures
Measurements were performed in both groups before the treatment (t1), immediately after the treatment (t2), and at a 6-month follow-up (t3).
analytic strategy
For the analysis of the longitudinal data, we used HLM analysis; 26 as it addresses the expected dependency in longitudinal data. Furthermore, as HLM uses both individual and sample information to estimate the parameters, it deals with missingness in data at the repeated measures level (ie, at level 1). Every case that has a score in the outcome measures at least one of the time points was included in the analysis, mimicking an intent-to-treat approach. In all models applied, measurements over time in the outcome variables (level 1) were nested in patients (level 2). Time was treated as continuous variable, measured in weeks (t1=0 weeks, t2=4 weeks, t3=24 weeks). More specifically, for this study we conducted a piecewise, two-level growth curve model, estimating within-subjects weekly rate of change during treatment and follow-up period, and between-subjects differences in both pieces. 26 The first piece estimates the change observed between T1 and T2 (ie, acute treatment), while the second piece estimates the change observed between T2 and T3 (ie, follow-up period).
We decided to use this piecewise approach since the outcome trajectories might be different during treatment, where a more pronounced reduction is expected vs during follow-up, where a less steep reduction or even deterioration might be expected.
Although for longitudinal analysis, the best option is to have at least three time points at each piece of the model, 13 it is also possible to estimate the change having only two 
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Pfeifer et al time points in each. 27 However, in order to be able to run these analyses, it is necessary to provide extra information for the models.
27,28 Thus, we calculated and included the estimated error variance at level 1 for the outcome measures in the model. The level 1 error variance of each outcome measure was estimated as the product of its measurement error (1-Cronbach's α) and the variance of the measure at each time point.
When testing multiple hypotheses, as with the different attachment measures, type I error rate was addressed by estimating the number of true null hypothesis prior to adopting false discovery rate control. 29 We first ran an unconditional baseline model with time as the only predictor at level 1. Then, we ran another unconditional model including linear slope for piece 1 and the linear slope for piece 2 as predictors at level 1. Time was centered at week 4 (t2), the midpoint in time between piece 1 and piece 2. Thus, in those later models, the intercept represents the level of severity at week 4, while the two slope parameters represent the weekly rate of change during treatment and follow-up. For full model equations, see Supplementary materials.
Next, to answer the question of whether belonging to either the UMP or the OA group has a significant effect on the outcome, we conducted conditional models including the dummy coded group variable (UMP =0; OA =1) as a level 2 predictor of the pain severity level at week 4, the weekly rate of change during treatment, and the weekly rate of change during follow-up. Then, to test a possible impact of general attachment insecurity on pain, we tested conditional models including both the groups (UMC =0; OA =1) and grand mean centered scores in the attachment measures as level 2 predictors. These models (one for each attachment index, ie, RQ-2 and ECR-R) allow us to identify between-subject effects of attachment indexes, controlling for group effects.
Finally, to test for a differential effect of attachment on the outcome by group, we added interaction effects of group with attachment indexes as predictors of the models. Prior to the creation of the interactive terms, as suggested by Aiken et al, 30 the attachment indexes were grand mean centered. The data has 7.05% of missing values, and 26.5% of cases included one or more missing values. While multilevel models cope well with unbalanced designs, all the analyses were performed under the assumption that observations are missing at random (MAR), implying that missingness is not related to the dependent variable at dropout. 31 For all descriptive analyses, missing values were imputed by multiple imputations of chained equations, 32 which gives unbiased estimates of the data under MAR assumptions.
SPSS Version 22 (IBM Corporation, Armonk, NY, USA) was used for preliminary analysis and data management while the HLM7 software was used for multilevel modeling.
Results
Descriptives Prevalence of an insecure attachment style
The frequencies of global RQ-2 attachment style categories are presented in Table 1 and the proportions are displayed in Figure 1 . Pain conditions differed significantly according to attachment security (chi-squared test, χ 2 (1) =11.24, P=0.002). About one-third of UMP patients (38.8%) and two-thirds of OA patients were classified as securely attached.
Unconditional models
As expected, when comparing the two unconditional models with time as the only predictor, the piecewise model better fit data than the model with a single linear slope, χ 2 (4) =139.26, P<0.001. Results of the piecewise model indicated that on average, patients presented a significantly lower pain severity level 
001).
Patients with OA had lower levels of pain severity at treatment termination and a greater rate of change during the treatment, compared with patients with UMP. However, the two groups did not significantly differ on the weekly rate of change in pain severity during the follow-up period (β=-0.11, SE =0.14, P=0.43).
conditional attachment effect models
In Table 2 , we presented all the models including attachment indexes and group as level 2 predictors. We only observed one index of attachment having a significant effect on pain severity. Regardless of the group of the participants, insecure 
interaction effects
Column 4 of Table 2 shows the interaction effects of specific attachment by group on treatment severity. From the models conducted, we found a significant interaction effect of avoidant attachment by group on the weekly rate of change during treatment (b=-1.09, SE =0.44, t(163) =-2.454, P=0.02). While patients in the UMP group with low avoidant attachment had a greater reduction of pain severity during treatment than patients with higher avoidant attachment, in the OA group the patients with lower avoidant attachment had a slightly less steep reduction in pain severity in comparison with patients with higher avoidant attachment (Figure 3) . However, there was no significant interaction effect of avoidant attachment by group on the level of pain severity at posttreatment (β=-2.81, SE =1.77, t(163) =-1.582, P=0.12), or 
Discussion
Consistent with the past research on attachment and pain, prevalence of an insecure attachment pattern was significantly higher in the UMP group compared to the OA group. 12, 33, 34 About two thirds of the patients of the UMP group showed an insecure attachment pattern, whereas only one third of the OA group reported one of the insecure attachment styles which equals the prevalence of a healthy representative population sample. 35, 36 Both the patient groups reported a marked decrease in average pain intensity at T2 after discharge from hospital having either completed surgery or the pain therapy. The group predictor, indicating the different pain conditions, achieved the highest effect size in the model which might be explained by the different treatments that both groups had received. While patients in the OA group had a clear somatic diagnosis and received the standard treatment for it, patients in the UMP group did not have a clear diagnosis, making treatment much more difficult.
That being said, time was a significant predictor independent from group which indicates that both the treatments work in reducing pain severity ( Table 2 , column 1). However, both the treatments do not retain their effects after the treatment duration is over, possibly because patients struggle to manage their pain by themselves again without the help of a professional team. 12, 37, 38 Kolb compares this first reaction to the treatment as form of placebo effect which is triggered by the attachment behavior of the patients. 37 In the present study, average pain levels decreased equally for all patients regardless of their attachment style right after discharge. However, the findings of the present study also indicate that pain patients with various attachment patterns show different treatment outcomes on the long term. While the pain level further declined in patients with lower attachment anxiety, the pain level increased again in patients with high attachment anxiety at the 6 months follow-up. It is possible that patients with an insecure attachment style report higher levels of pain after losing the comfort and safety of support and help from a multidisciplinary health care team. Generally, secure attachment is associated with a support system as securely attached people have very close members 
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Pfeifer et al they can confide in and rely on, whereas insecurely attached people have no or insufficient support available to them. 39 This could explain that the insecurely attached (anxiously and avoidant attached) patients were able to benefit from the pain therapy in the same way as the securely attached patients as the multidisciplinary team was able to provide the support system while undergoing the treatment. However, following this train of thought, as soon as the treatment was over and the support system unavailable, these insecure patients lost their "secure base" leading to an increase in pain. The patients then had to experience their pain again without the help of others which can be seen as threatening especially by the insecurely attached patients who tend not to have a sufficient support system. 40 It is well documented in the literature that insecurely attached patients do not comply with treatments to the same level as securely attached patients. [7] [8] [9] [10] It has also been proposed that patients with insecure attachment are prone to experience poorer pain-related adjustments once chronic pain has already manifested. 12, 41 This could offer another explanation as to why insecure patients benefited less from the treatment on a long term. Securely attached patients seemed to be better in using the learned techniques and comply with the treatment concept even after the end of the treatment. 42 The model also showed that being in the UMP group was associated with higher pain levels across different time points. This is in line with the findings from other studies pointing out that patients who suffer from somatoform pain disorders have an increased pain perception compared to the general population. 43 The reason for that could be that patients with medically unexplained pain have a body that is more sensitive and might tend to worsen the pain.
11
Limitations
The biggest limitation of the present study lies in the comparability of the two treatment groups. Treatment of the two subsamples varied in length of the treatment and type of the treatment. The OA group received surgery and, therefore, had an average stay in hospital for about 10 days, whereas, the UMP group participated in a 4-week multidisciplinary pain treatment program which included group and individual psychotherapy as well as physiotherapy. The concepts of both the types of treatment are very different, not only in the physiological vs psychological approach but also in terms of supportive medication. Patients who received surgery were given standard dosage of pain medication afterwards, while the multidisciplinary pain treatment program tried to reduce the medication usage of the patients. This could have had an effect on the perceived pain levels of the patients, possibly contributing toward the difference in pain levels between the treatments. Also, the use of a VAS for the main outcome instead of a questionnaire assessing different dimensions of pain, while ecological, is a shortcoming of the present study. Also, while the interaction effects of attachment indicate insecure patients not being able to retain their gains during treatment for a longer period of time, the follow-up in the present study was only of 6 months in length. This effect might be more pronounced in longer follow-ups and may the high treatment frequencies seen in chronic pain patients, but in order to test this hypothesis, a study with a longer follow-up is needed. Additionally, the fact that the interaction patterns, especially in the case of the interaction of attachment anxiety by treatment, show similar trajectories despite the very different treatment modalities might hint at the generalizability of these results onto other treatments.
Conclusion
The present study provides estimates of the effects of attachment on average pain intensity in two different samples of pain patients. Pain patients were found to report reduced pain level after discharge from either hospital after surgery or an outpatient pain treatment program. However, insecurely attached patients were less able to maintain the positive results of the treatment over a period of time. These results indicate that, in pain patients, attachment seems to be having a pronounced impact on treatment outcomes until 6 months after the termination of treatment and possibly longer. Therefore, an attachment-based approach may be a promising way to enhance the prospects especially for patients who suffer from medically unexplained pain.
